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素及直接测定八种 As 和 Se 形态的方法。建立的在线分离测定方法具有快速和
准确的特点，为 Co、As、Sb、Se 和 Te 的同时测定及 As 和 Se 形态的直接测定
提供了新的技术手段。本论文分为 4 章，具体内容如下： 
第 1 章介绍了环境中 Co、As、Sb、Se、Te 和不同 As、Se 形态的理化性质
及危害，并对上述元素常用的分析测定方法和研究进展进行了概述。 
第 2 章建立了 PCVG 与 ICPMS 联用技术同时测定 Co、As、Sb、Se 和 Te
的新方法。实验对甲酸浓度、无机酸种类及浓度、照射时间及载气流量等参数进
行了优化实验，并得出最佳值。结果表明，在 5.0%（V/V）甲酸、0.0125%（V/V）
硝酸、42 s 照射时间和 0.90 L/min 载气流速条件下，Co、As、Sb、Se 和 Te 的
PCVG-ICPMS 信号值最高。在优化实验条件下，Co、As、Sb、Se 和 Te 线性相
关系数分别为 0.9997、0.9736、0.9989、0.9969 和 0.9972；检出限（n=7）分别为
0.004、0.90、0.07、0.18 和 0.41 μg/L；精密度（n=5）分别为 1.3%、1.1%、6.1%、
2.9%和 2.0%。并采用该方法分析测定厦门大学翔安校区水库两个水样中的 Co、
As、Sb、Se 和 Te 含量，Co 的加标回收率在 105%-119%之间，As 的加标回收率
在 67%-82%之间，Sb 的加标回收率在 89%-124%之间，Se 的加标回收率在
81%-92%之间，Te 的加标回收率在 88%-116%之间。证明本方法准确度高、精密
度好，可将其应用于地表水中 Co、As、Sb、Se 和 Te 五种元素的同时测定。 
第 3 章建立了 PCVG与 ICPMS 联用技术直接测定八种 As 和 Se 形态的新方
法。实验对有机酸种类及浓度、无机酸种类及浓度、照射时间及载气流量等参数
进行了优化实验。结果表明，四种 Se 形态在 2.0%（V/V）甲酸、0.02%（V/V）



















气流速条件下其 PCVG-ICPMS 信号响应值最好；As（V）和 MMA在 1%（V/V）
甲酸、0.02%（V/V）盐酸、50 s 照射时间和 0.90 L/min 载气流速条件下其
PCVG-ICPMS 信号响应值最好。在已优化实验条件下， As（III）、As（V）、MMA、
DMA的线性相关系数分别为 1.0000、0.9998、1.0000、0.9999；检出限（n=10）
分别为 0.11、0.01、0.02、0.01 μg/L；精密度（n=3）分别为 2.4%、2.1%、1.8%、
3.2%。对厦门大学翔安校区水库水样进行了八种 As 和 Se 形态的测定，结果证
明四种 Se 形态的回收率在 82%-96%之间，四种 As 形态的回收率在 84%-104%
之间。证明本方法准确度高、精密度好，可将其应用于地表水中八种 As 和 Se
形态的直接测定。 































In this paper, a new method for simultaneous determination of Co, As, Sb, Se 
and Te and direct determination of As and Se speciations using photochemical vapor 
generation (PCVG) and inductively coupled plasma mass spectrometry (ICPMS) was 
developed. This online PCVG-ICPMS method is novel, rapid and accurate, and has 
been successfully applied to determination these elements  in environmental 
samples. 
The thesis contains four chapters, the main contents and results are as follows: 
Chapter one introduces the properties and harmful effects of Co, As, Sb, Se ,Te, 
As species, Se species. Summarizes the analysis methods and research background of 
these elements. 
Chapter two develops a new method using PCVG-ICPMS for simultaneous 
determination Co, As, Sb, Se and Te. Experimental conditions on the concentration of 
formic acid, type and concentration of inorganic acid, UV illumination time and flow 
rate of carrier gas are optimized. The results show that, the highest PCVG-ICPMS 
signals of Co, As, Sb, Se and Te is obtained when 5% (V/V) formic acid, 0.0125% 
(V/V) nitric acid, 42 s illumination time and 0.90 L/min carrier gas flow rate are used 
in the PCVG-ICPMS procedure. Under the optimized experiment conditions, the 
linear correlation coefficient of Co, As, Sb, Se and Te are 0.9997, 0.9736, 0.9989, 
0.9969 and 0.9972. Detection limit of Co, As, Sb, Se and Te are 0.004, 0.90, 0.07, 
0.18 and 0.41 μg/L, respectively. The accuracy of Co, As, Sb, Se and Te are 1.3%, 
1.1%, 6.1%, 2.9% and 2.0%. We also analyze the concentrations of Co, As, Sb, Se and 
Te in the reservoir in Xiamen university Xiang’an campus by the developed method. 
The recovery of Co, As, Sb, Se and Te are in the range of 105%-119%, 67%-82%, 
89%-124%, 81%-92% and 88%-116%, respectively. The developed method in this 
experiment are accurate and precision, and can be applied to determinate Co, As, Sb, 
Se and Te in the surface water.  
Chapter three develops a new method using PCVG-ICPMS for direct 
determination of the eight As and Se species. In this research, the concentration of 
different organic acids and inorganic acids, the UV illumination time and flow rate of 
carrier gas are optimized. The results show that, the highest PCVG-ICPMS signals of 















30 s illumination time and 0.90 L/min carrier gas flow rate are used in the 
PCVG-ICPMS procedure. Under the optimized experiment conditions, the linear 
correlation coefficient of the four Se species are 0.9998, 0.9987, 0.9993, 0.9999, 
respectively. Detection limit of the four Se species are 0.06, 0.18, 0.03, 0.07 μg/L, 
respectively. The accuracy of the four Se species are 2.5%, 3.0%, 2.1%, 2.7%. the 
highest PCVG-ICPMS signals of As (III) and DMA are obtained when 0.5% (V/V) 
formic acid, 0.04% (V/V) hydrochloric acid, 30 s irradiation time and 0.90 L/min 
carrier gas flow rate are used in the PCVG-ICPMS procedure. the highest 
PCVG-ICPMS signals of As (V) and MMA are obtained when 1.0% (V/V) formic 
acid, 0.02% (V/V) hydrochloric acid, 50 s irradiation time and 0.90 L/min carrier gas 
flow rate are used in the PCVG-ICPMS procedure. Under the optimized experiment 
conditions, the linear correlation coefficient of As (III), As (V), MMA, DMA are 1.0, 
0.9998, 1.0, 0.9999, respectively. Detection limit of the four As species are 0.11, 0.01, 
0.02, 0.01 μg/L, respectively. The accuracy of the four As species are 2.4%, 2.1%, 
1.8%, 3.2%. We also analyze the concentrations of the eight As and Se species in in 
the reservoir in Xiamen university Xiang’an campus by the developed method. The 
recovery of the four Se species are in the range of 82%-96%, The recovery of the four 
As species are in the range of 84%-104%. The developed method in this experiment 
are accurate and precision, and can be applied to determinate Co, As, Sb, Se and Te in 
the surface water. 
Chapter four summarizes the results achieved in this thesis, and prospects future 
research.  
 
Key Words: Photochemical vapor generation; Inductively coupled plasma mass 
spectrometry; Simultaneous determination of five elements; Direct determination of 

















































































1.2.2  砷和锑的理化性质及危害 
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